INTRODUCTION
Aircraft landing gear shock absorber, as an important component of the aircraft, plays an irreplaceable role in bearing the static and dynamic load when plane contacted with the ground, absorbing and dissipating the energy produced in the landing impact and the runway. Currently, many applications in the landing gear use passive control of oleo-pneumatic shock absorbers, these shock absorbers with a variable cross-section metering pin or double chambers or other structures to improve damping properties of shock absorbers [1] [2] [3] . In most cases the proper performance of typically used shock absorbers is achieved by introducing orifices equipped with metering pins, which are able to control the internal fluid flow depending on the deflection of the piston. landing gear absorbers Passive controlled has the characteristics of simple structure, light weight, easy repair, high security. But the performance is always optimized for a particular type of touching down without taking into account variation of the landing conditions. The classically made struts are expected to be designed to perform in everyday exploitation, as well as in emergency situations, which is objectively unachievable [4] . An other type absorber is considered [5] [6] [7] [8] [9] [10] , which can change the damping force in a range accoding to the vibration. YoungTai Choi and Norman M. Wereley demonstrated the feasibility and effectiveness of electrorheological (ER) and magnetorheological (MR) fluid-based landing gear systems on attenuating dynamic load and vibration due to the landing impact [11] , Disha Saxena et al utilized fuzzy Control for vibration control systems of the developed MR damper for landing gear system, to attenuate the sustained vibrations during the landing phase [12] . Over the last decade, MR damping technology has been rapid developed, and MR damping fluid medium for the MR shock absorber have been gradually applied in automobiles, bridges, buildings, etc. [13] [14] . Since the MR damper has a simple structure, low energy consumption, rapid response and damping adjustment range, etc., to be used in aircraft landing gear shock absorber damping system will greatly improve the performance of the landing gear. In this paper, a new structure of shock absorber based on MR dampers is introduced and its damping force model is built.
STRUCTURE OF MR SHOCK ABSORBER
To ensure reliability and shock absorber damping force adjustable damping properties, based on conventional oleo-pneumatic shock absorber with metering pin, a shock absorber based on MR damper with metering pin, which is also called MR shock absorber, is designed, so that it's damper effect can be simultaneously controlled by current and stroke, then which will improve efficiency and damping force adjustment range while improve the safety factor of the shock absorber. Its structure diagram is shown in Fig.1 .
In operating the MR shock absorber, piston rod drives the guide plate to press against the chamber, the MR fluid on the upper end of guide plate flows through the orifice on the top of piston rod, then through the upper portion hollow of the piston rod, finally through annular gap of piston by flowing through the radial orifice in the piston rod. The piston of the shock absorber is axially provided with a number of rectangular annular grooves. On the action of external electromagnetic field, the MR fluid flows through the rectangular grooves with the expansion of its volume and decrease of its velocity. Because of the dissipation effect of the rectangular grooves produced vortex, the kinetic energy is turned into heat energy, so MR shock absorber with rectangular annular groove has the effect of enhancing the damping force. In addition, by using tapered metering pin, damping force of the shock absorber varies with the stroke change, and when the semi-active control of MR damper is failure, the shock absorber can degenerate into an efficient oleopneumatic shock absorber, which makes landing gear shock absorber system more secure. Effective control of an MR damper mainly depends on understanding its nonlinear hysteretic behavior under an applied magnetic field. Therefore, one needs to develop control algorithms that take maximum advantage of the unique features of MR dampers, and the models must adequately characterize the intrinsic nonlinear behavior of the devices. A lot of models and their improved models have been proposed to characterize the intrinsic nonlinear behavior of these devices, such as Bingham model [15] , Bouc-wen model [16] , Dahl hysteresis model [17] neural networks model [18] , and so on. In this paper, an improved bingham model is chosen to represent the MR fluid behavior.
Bingham
Where viscous damping coefficient c 0 , Coulomb friciton f c and compensatory force f 0 , existing with compensator. In this model, a Coulomb friction element is placed in parallel with a linear viscous damping, which schematized in Fig. 2 . Due to the presence of high order term of velocity, the model may reflect the force-velocity relation in case of high frequency situation, more suitable for MR absorber of the actual working conditions in landing gear, so this model is used. All damping coefficient terms are expressed by cubic polynomial expression of current according to characteristic test of MR fluid done by manufacturer to replace the quadratic polynomial expression in [20] 
Characteristic test of the shock absorber
In order to get the shock absorber damper characteristic, vibration test bench which has one degree of freedom to provide vertical reciprocating vibration is utilized. Reciprocating move is imposed to the shock absorber, and the values of force, velocity can be got from the sensors. At every test, the value of current remains const to ensure the magnetic field applied to the magnetor-heological damper unchanged. In the combination of different amplitudes, different frequencies and different current, shock absorber damper is obtained. Fig.3 shows the curves of force-velocity when amplitude is 3mm, and frequency is 4HZ, and the current is respectively 0A, 0.1A, 0.3A, 0.5A. Fig.4 shows the curves of force-displacement on the same conditions.
Damper model construction of the shock absorber
Parameters in formula (3) 
